J 



® 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 





(5) Publication number: 0 613 110 A1 



EUROPEAN PATENT APPLICATION 



@ Application number: 94301262.5 
@ Date of filing : 23.02.94 



@ Int. Cl.^ : G08G 5/06 



@ Priority : 26.02.93 US 23761 

@ Date of publication of application ; 
31.08.94 Bulletin 94/35 



(S) Designated Contracting States : 
DE ES FR GB IT NL SE 

@ Applicant : RAYTHEON COMPANY 
141 Spring Street 

Lexington Massachusetts 02173 (US) 



g) Inventor : Hoover, Peter L 
20 Kelteher Street 
Marlboro, MA 01752 (US) 

li) Representative : Jackson, David Spence et al 
REDDIE & GROSE 
16, Theobalds Road 
London, WC1X 8PL (GB) 



@ Airport incursion avoidance system. 



(57) An airport incursion avoidance sy stem for 
detection of aircraft and other vehicles utilizes 
edge lights [20] along taxtways and mnways by 
having a sensor [50] co-located with each edge 
light, the sensor output being coupled to a 
central computer system [12] via the airport's 
edge light power lines [21]. The detection sys- 
tem comprises infrared sensors. The output of 
each sensor [50] is fed Into a microprocessor 
[44] within an edge light assembly [20] and then 
to a power line modem [54] for transmission to 
the central computer system [12] which in- 
cludes a display [30] at the airport tower for 
showing the airport and all traffic thereon. Data 
from each sensor [50] along taxiways and run- 
ways is received at the central computer system 
[12] and processed to provide vehicle tracking 
and control of all ground traffic on the airport 
taxiways and njnways to avoid an airport incur- 
sion. 
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Background of the Invention 

This invention relates to an airport ground collision avoidance system and in particular to an apparatus 
and method for monitoring, controlling and predicting airo^ft or other vehicle movement primarily on airport 

5 taxiways and runways to avoid runway incursions. 

Currently, ground control of aircraft at an airport is done visually by the air traffic controller in the tower. 
Low visibility conditions sometimes make it impossible for the controller to see all parts of the field. Ground 
surface radar can help in providing coverage during low visibility conditions; it plays an important part in the 
solution of the runway incursion problem but cannot solve the entire problem. A runway incursion is defined 

10 as "any occurrence at an airport involving an aircraft, vehicle, person, or object on the ground that creates a 
collision hazard or results in loss of separation with an aircraft taking off. intending to take off. landing, or in- 
tending to land." The U.S. Federal Administration Agency (FAA) has estimated that it can only justify the cost 
of ground surface radar at 29 of the top 100 airports in the United States. However, such radar only provides 
location information; it cannot alert the controller to possible conflicts between aircraft. 

15 In the prior art, an airport control and monitoring system has been used to sense when an airplane reaches 
a certain point on a taxiway and controls switching lights on and off to indicate to the pilot when he may proceed 
on to a runway. Such a system sends microwave sensor information to a computer in the control tower. The 
computer comprises software for controlling the airport lighting and for providing fault Information on the airport 
lighting via displays or a control panel to an operator. Such a system is described in sales information provided 

20 on a Bidirectional Series 7 Transceiver (BRITEE) produced by ADB-ALNACO, Inc.. A Siemens Company, of 
Columbus. Ohio. However, such a system does not show the location of all vehicles on an airfield and is not 
able to detect and avoid a possible vehicle incursion. 

A well known approach to airport surface traffic control has been the use of scanning radars operating at 
high frequencies such as K-band in order to obtain adequate definitton and resolution. An existing airport 

25 ground traffic control equipment of that type is known in the art as Airport Surface Detection Equipment 
(ASDE). However, such equipment provides surveillance only, no discrete identification of aircraft on the sur- 
face being available. Also there is a need for a relatively high antenna tower and a relatively large rotation an- 
tenna system thereon. 

Another approach to airport ground surveillance is a system described in U. S. Patent No. 3.872,474. is- 

30 sued March 1 8. 1 974. to Arnold M. Levine and assigned to International Telephone and Telegraph Corporation, 
New Yoric, NY, referred to as LOCAR (Localized Cable Radar) which comprises a series of small, lower pow- 
ered, narrow pulses, transmitting radars having limited range and time sequenced along opposite sides of a 
runway ramp or taxiway. In another U. S. Patent No. 4.197,536. issued on April 8. 1980. to Arnold M. Levine, 
an airport surface identification and control system is described for aircraft equipped with ATCRBS (Air Traffic 

35 Control Radio Beacon System) and ILS (Instrument Landing System). However, these approaches are expen- 
sive, require special cabling and for identification purposes require expensive equipment to be included on the 
aircraft and other vehicles. 

Another approach to vehicle identification such as types of aircraft by identifying the unique characteristic 
of the "footprint" presented by the configuration of wheels unique to a particular type of vehicle is described 

40 in U.S. Patent No. 3.872,283, issued March 18. 1975, to Gerald R. Smith et al. and assigned to The Cadre 
Corporation of Atlanta Georgia. 

An automatic system for surveillance, guidance and fire-fighting at airports using infrared sensore is de- 
scribed in U. S. Patent No. 4,845,629. issued July 4, 1989 to Maria V. Z. Murga. The infrared sensors are ar- 
ranged along the flight lanes and their output signals are processed by a computer to provide information con- 

45 cerning the aircraft movements along the flight lanes. Position detectore are provided for detecting the position 
of aircraft in the taxiways and parking areas. However, such system does not teach the use of edge lights along 
the runways and taxiways along with their associated wiring and it is not able to detect and avoid a possible 
vehicle incursion. 

The manner in which the invention deals with the disadvantages of the prior art to provide a low cost airport 
50 incursion avoidance system will be evident as the description proceeds. 

Summary of the Invention 

Accordingly, it is therefore an object of this invention to provide a system that detects a possible aircraft 
55 or vehicle incursion at an airport 

It is also an object of this invention to provide a low cost airport incursion avoidance system using edge 
light assemblies and associated wiring along runways and taxiways. 

It is another object of this invention to provide an airport incursion avoidance system that generates a 
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graphic display of the airport showing the location of all ground traffic including direction and velocity data. 

It is a further object of this invention to provide an airport incursion avoidance system that generates a 
verbal alert to an air traffic controller or an aircraft pilot. 

The objects are further accomplished by providing an airport incursion avoidance system comprising a 

5 plurality of light circuits on an airport, each of the light circuits comprises a plurality of light assembly means, 
means for providing power to each of the plurality of light circuits and to each of the light assembly means, 
means in each of the light assembly means for sensing ground traffic on the airport means for processing 
data received from each of the light assembly means, means for providing data communication between each 
of the light assembly means and the processing means, the processing means comprises means for providing 

10 a graphic display of the airport including symbols representing the ground traffic, each of the symbols having 
direction and velocity data displayed, the processing means further comprises means for predicting an occur- 
rence of an airport incursion in accordance with the data received from the sensing means, and means for alert- 
ing an airport controller or aircraft pilot of the predicted airport incursion. Each of the light circuits are located 
along the edges of a taxiway or a runway on the airport The sensing means comprises infrared detectors. The 

15 light assembly means comprises light means coupled to the lines of the power providing means for lighting the 
airport, the infrared detectors sensing means, microprocessor means coupled to the light means, the sensing 
means, and the data communication means for providing processing, communication and control for the light 
assembly means, the microprocessor controlling a plurality of lighting patterns of the light means on the airport, 
and the data communication means being coupled to the microprocessor means and the lines of the power 

20 providing means. The light assembly means further comprises a photocell means coupled to the microproces- 
sor means for detecting the light intensity of the light means. The light assembly means further comprises a 
strobe light coupled to the microprocessor means. The processing means comprises redundant computers for 
fault tolerance operation. The symbols representing the ground traffic comprise icons having a shape indicating 
type of aircraft or vehicle. The processing means determines the locations of the symbols on the graphic display 

25 of the airport in accordance with the data receive from the light assembly means. The processing means further 
determines a future path of the ground traffic based on a ground clearance command, the future path being 
shown on the graphic display. The processing means for predicting an occurrence of an airport incursion com- 
prises means for comparing position, direction and velocity of the ground traffic to predetermined separation 
minimums for the airport The power providing means comprises constant current power means for providing 

30 a separate line to each of the plurality of light circuits, and network bridge means coupled to the constant current 
power means for providing a communication channel to the processing means for each line of the constant 
current power means. The alerting means comprises a speech synthesis unit connected to a speaker, and the 
alerting means also comprises a speech synthesis unit connected to a radio transmitter. 

The objects are further accomplished by a method of providing an airport incursion avoidance system conrv 

35 prising the steps of providing a plurality of light circuits on the airport, each of the light circuits comprises a 
plurality of light assembly means, providing power to each of the plurality of light circuits, sensing ground traffic 
on the airport with means in each of the light assembly means, processing data received from each of the light 
assembly means in computer means, providing a graphic display of the airport comprising symbols represent- 
ing the ground traffic, each of the symbols having direction and velocity data displayed, providing data com- 

40 munication between the computer means and each of the light assembly means, predicting an occurrence of 
an airport incursion in accordance with the data received from the sensing means, and alerting an airport con- 
troller or aircraft pilot of the predicted airport incursion. The step of sensing the ground traffic on the airport 
comprises the steps of lighting the airport with a light means coupled to the microprocessor means and the 
powerlines, providing infrared detectors forsensing the ground traffic, performing processing, communication 

45 and control within the light assembly means with a microprocessor means coupled to the light means, the sens- 
ing means and data communication means, and coupling the data communication means between the micro- 
processor means and the power lines. The step of processing data comprises the step of operating redundant 
computers for fault tolerance. The step of providing power comprises the steps of providing a separate line to 
each of the plurality of light circuits with a constant current power means, and providing a communication chan- 

50 nel to the computer means for each line of the constant current power means using a network bridge means. 
The step of providing a graphic display comprising symbols representing the ground traffic comprise the step 
of indicating a type of aircraft or vehide with icons of various shapes. The step of processing the data from 
each of the light assembly means comprises the step of determining a location of the symbols on the graphic 
display of the airport in accordance with the data. The step of predicting an occurrence of an airport incursion 

55 comprises the step of determining a future path of the ground traffic in accordance with a ground clearance 
command and showing the future path on the graphic display. 
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Brief Description of the Drawings 

Other and further features of the invention wilt beconr^e apparent in connection with the accompanying 
drawings wherein: 

5 FIG. 1 is a block diagram of the invention of an airport vehicle incursion avoidance system: 

FIG. 2 is a block diagram of an edge light assembly showing a sensor electronics unit coupled to an edge 
tight of an airfield lighting system; 

FIG. 3 is a pictorial diagram of the edge light assembly showing the edge light positioned above the sensor 
electronics unit; 

10 FIG. 4 is a diagram of an airfield runway or taxiway having a plurality of edge light assemblies positioned 

along each side of the runway or taxiway for detecting various size aircraft as shown; 
FIG. 5 is a block diagram of the central computer system shown in FIG. 1; 

FIG. 6 shows eleven network variables used in programming the microprocessor of an edge light assembly 
to interface with a sensor, a light and a strobe light; 
15 FIG. 7 is a block diagram showing an interconnection of network variables for a plurality of edge light as- 

semblies located on both sides of a runway, each comprising a sensor electronics unit 1 0 positioned along 
a taxiway or runway; 

FIG. 8 shows a graphic display of a typical taxi way/runway on a portion of an airport as seen by an operator 
in a control tower, the display showing the location of vehicles as they are detected by the sensors mounted 
20 in the edge light assemblies located along taxiways and runways; and 

FIG. 9 is a block diagram of the data flow within the system shown in FIG. 1 and FIG. 5. 

Description of the Preferred Embodiment 

25 Referring to FIG. 1 a block diagram of the invention of an airport vehicle incursion avoidance system 10 

is shown comprising a plurality of light circuits 18i.n. each of said light circuits 18i.„ comprises a plurality of 
edge light assemblies 20i.n connected via wiring 21i.n to a lighting vault 16 which is connected to a central 
computer system 1 2 via a wide area network 1 4. Each of the edge light assemblies 20i. „ comprises an infrared 
(IR) detector vehicle sensor 50 (FIG. 2). 

30 The edge light assemblies 20,. „ are generally located along side the runways and taxiways of the airport 
with an average 100 foot spacing and are interconnected to the lighting vault 16 by single conductor series 
edge light wiring 21 1. „. Each of the edge light circuits 1 8i. „ is powered via the wiring 21 1. n by a constant current 
supply 24 vn located in the lighting vault 16. 

Referring now to FIG. 1 and FIG. 2. communication between the edge light assemblies 20i. „ and the central 

35 computer system 12 is accomplished with LON Bridges 22^. „ interconnecting the edge light wiring 21 1. „ with 
the Wide Area Network 14. Infonmation from a microprocessor 44 located in edge light assembly 20i.n is cou- 
pled to the edge light wiring 21i.n via a power line modem 54. The LON bridges 22i. „ transfers message in- 
formation from the edge light circuits 18,. „ via the wiring 21i.n to the wide area network 14. The wide area 
network 14 provides a transmission path to the central computer system 12. These circuit components also 

40 provide the return path communications link from the central computer system 12 to the microprocessor 44 
in each edge light assembly 20i. „. Other apparatus and methods, known to one of ordinary skill in the art. for 
data communication between the edge light assemblies 20i.n and the central computer system 12 may be em- 
ployed, such as radio techniques, but the present embodiment of providing data communication on the edge 
light wiring 21i.n provides a low cost system for present airports. The LON Bridge 22 may be embodied by de- 

45 vices manufactured by Echelon Corporation of Palo Alto, California. The wide area network 14 may be imple- 
mented by one of ordinary skill in the art using standard Ethernet or Fiber Distributed Data Interface (FDDI) 
components. The constant current supply 24 may be embodied by devices manufactured by Crouse-Hinds of 
Winslow. Connecticut. 

Referring now to FIG. 2 and FIG. 3, FIG. 3 shows a pictorial diagram of the edge light assembly 20^. „. The 
so edge light assembly 20,. „ comprises a bezel Including an incandescent lamp 40 and an optional strobe light 
assembly 48 (FIG. 2) which are mounted above an electronics enclosure 43 comprising the vehicle sensor 50. 
The electronics enclosure 43 sits on the top of a tubular shaft extending from a base support 56. The light 
assembly bezel with lamp 40 and base support 56 may be embodied by devices manufactured by Crouse-Hinds 
of Winslow. Connecticut. 

55 A block diagram of the contents of the electronics enclosure 43 is shown in FIG. 2 which comprises a cou- 

pling transformer 53 connected to the edge light wiring 21i.n. The coupling transformer 53 provides power to 
both the incandescent lamp 40 via the lamp control triac 42 and the microprocessor power supply 52; in ad- 
dition, the coupling transfomrter 53 provides a data communication path between the power line modem 54 
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and the LON Bridges 22,. „ via the edge light wiring 21 „. The microprocessor 44 provides the confiputational 
power to run the internal software program that controls the edge light assemblies 20^, „. The microprocessor 
44 is powered by the microprocessor power supply 52. Also connected to the microprocessor 44 is the lamp 
control triac 42. a lamp monitoring photo cell 46. the optional strobe light assembly 48. the vehicle sensor 50. 
5 and the data communications modem 54. The microprocessor 44 is used to control the incandescent edge light 
40 intensity and optional strobe light assembly 48. The use of the microprocessor 44 in each light assembly 
20i.„ allows complete addressable control over every light on the field. The microprocessor 44 may be em- 
bodied by a VLSI device manufactured by Echelon Corporation of Palo Alto, California 94304. called the Neu- 
ron® chip. 

10 Still referring to FIG. 2. the sensor 50 in the present embodiment comprises an infrared (IR) detector and 
in other embodiments may comprise other devices such as proximity detectors, CCD cameras, microwave mo- 
tion detectors, inductance loops, or laser beams. The program in the microprocessor 44 is responsible for the 
initial filtering of the sensor data received from the sensor 50 and responsible for the transmission of such 
data to the.central computer system 12. The sensor 50 must perform the following functions: detect a station- 
is ary object, detect a moving object, have a range at least half the width of the runway or taxiway. be low power 
and be immune to false alarms. This system design does not rely on just one type of sensor. Since sensor 
fusion functions are performed within the central computer system 12. data inputs from all different types of 
sensors are acceptable. Each sensor relays a different view of what is happening on the airfield and the central 
computer system 12 combines them. There are a wide range of sensors that may be used in this system. As 
20 a new sensor type becomes available, it can be integrated into this system with a minimum of difficulty. The 
initial sensor used is an IR proximity detector based around a piezoelectric strip. These are the kind of sensors 
you use at home to turn on your flood lights when heat and/or movement is detected. When the sensor output 
provides an analog signal, an analog-to-digitai converter readily known in the art may be used to interface with 
the microprocessor 44. 

25 Another proximity detector that can be used is based around a microwave Gunn diode oscillator. These 

are currently in use in such applications as Intrusion Aianms. Door Openere. Distance Measurement, Collision 
Warning, Railroad Switching, etc. These types of sensors have a drawback because they are not passive de- 
vices and care needs to be taken to select frequencies that would not interfere with other airport equipment. 
Finally, in locations such as the hold position lines on taxiways. solid state laser and detector combinations 

30 could be used between adjacent taxiway lights. These sensor systems create a beam that when broken would 
identify the location of the front wheel of the airplane. This type of detector would be used in those locations 
where the absolute position of a vehide was needed. The laser beam would be modulated by the micropro- 
cessor 44 to avoid the detector being fooled by any other stray radiation. 

Referring to FIG. 2 and FIG. 4, a portion of an airport runway 64 or taxiway is shown having a plurality of 

35 edge light assemblies 20i_8 positioned along each side of the runway or taxiway for detecting various size air- 
planes or vehicles 60. 62. The dashed lines represent the coverage area of the sensors 50 located in each 
edge light assembly 20i^ positioned along each side of the runway 64 or taxiway to insure detection of any 
airplane 60. 62 or other vehicles traveling on such runway 64 or taxiway. The edge light assemblies 20,. „ conrv 
prising the sensor 50 are logically connected together in such a way that an entire airport is sensitized to the 

^ movement of vehicles. Node to node communication takes place to verify and identify the location of the ve- 
hicles. Once this is done a message is sent to the central computer system 12 reporting the vehicles location. 
Edge light assemblies (without a sensor electronics u nit 43) and taxiway power wiring currently exist along taxi- 
ways, runways and open areas of airports, therefore, the sensor electronics unit 43 is readily added to existing 
edge lights and existing taxiway power wiring without the inconvenience and expense of closing down runways 

^ and taxiways while installing new cabling. 

Refen-ing now to FIG. 1. FIG. 5, FIG. 8 and FIG. 9, the central computer system 12 is generally located at 
a control tower or terminal area of an airport and is interconnected to the LON Bridges 22i.n located in the 
lighting vault 1 6 with a Wide Area Network 14. The central computer system 1 2 comprises two redundant com- 
puters, computer #1 26 and computer #2 28 for fault tolerance, the display 30, speech synthesis units 29 & 

50 31. alert lights 34. keyboard 27 and a speech recognition unit 33, alt of these elements being interconnected 
by the wide area network 14 for the transfer of information. The two computers 26 and 28 communicate with 
the microprocessors 44 located in the edge light assemblies 20i. „• Data received from the edge light assembly 
20,. „ microprocessors 44 are used as an input to a sensor fusion software module 101 (FIG. 9) run on the 
redundant computers 26 and 28. The output of the sensor fusion software module 101 operating in the conrv 

55 puters 26, 28 is used to drive the CRT display 30 which displays the location of each vehide on the airport 
taxiway and runways as shown in FIG. 8. The central computer system 12 may be embodied by devices man- 
ufactured by IBM Corporation of White Plains. New York. The Wide Area Network 14 may be embodied by 
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devices manufactured by 3Com Corporation of Santa Clara, California. The speech synthesis units 29, 31 and 
the speech recognition unit 33 may be embodied by devices manufactured by BBN of Cambridge, Massachu- 
setts. 

The speech synthesis unit 29 is coupled to a speaker 32. Limited information is sent to the speech synthesis 

5 unit 29 via the wide area network 14 to provide the capability to give an air traffic controller a verbal alert. The 
speech synthesis unit 31 Is coupled to a radio 37 having an antenna 39 to provide the capability to give the 
pilots a verbal alert. The voice commands from the air traffic controller to the pi lots are captured by microphone 
35 and sent to the pilots via radio 36 and antenna 3d. In the present embodiment a tap is made and the speech 
information is sent to both the radio 36 and the speech recognition unit 33 which is programmed to recognize 

10 the limited air traffic control vocabulary used by a controller. This includes airline names, aircraft type, the 
numbers 0-9, the name of the taxiways and runways and various short phrases such as "hold short", "expedite" 
and "give way to." The output of the speech recognition unit 33 is fed to the computers 26, 28. 

Referring again to FIG. 2, the power line modem 54 provides a data communication path over the edge 
light wiring 21 1. n for the microprocessor 44. This two way path Is used for the passing of command and control 

15 information between the various edge light assemblies 20i. „ and the central computer system 1 2. A power line 
transceiver module in the power line modem 54 is used to provide a data channel. These modules use a carrier 
current approach to aeate the data channel. Power line modems that operate at carrier frequencies in the 1 00 
to 450 Khz band are available from many manufacturers. These modems provide digital communication paths 
at data rates of up to 10,000 bits per second utilizing direct sequence spread spectrum modulation. They con- 

20 form to FCC power line canrier requirements for conducted emissions, and can work with up to 55 dB of power 
line attenuation. The power line modem 54 may be embodied by a device manufactured by Echelon Corpor- 
ation of Palo Alto. California 94304, called the PLT-10 Power Line Transceiver Module. 

The data channel provides a transport layer or lowest layer of the open system Interconnection (OSI) pro- 
tocol used in the data network. The Neuron® chip which Implements the microprocessor 44 contains ail of the 

25 firmware required to implement a 7 layer OSI protocol. When interconnected via an appropriate medium the 
Neuron® chips automatically communicate with one another using a robust Collision Sense Multiple Access 
(CSMA) protocol with forward error corrections, error checking and automatic retransmission of missed mes- 
sages (ARQ). 

The command and control infonmation is placed in data packets and sent over the network in accordance 
30 with the 7 Layer OSI protocol. All messages generated by the microprocessor 44 and destined for the central 
computer system 12 are received by the network bridge 22 via the power lines 21 1, „ and routed to the central 
computer system 12 over the wide area network 14. 

The Neuron® chip of the microprocessor 44 comprises three processors (not shown) and the firmware 
required to support a full 6 layer open systems interconnection (OSI) protocol. The user is allocated one of the 
35 processors for the application code. The other two processors give the application program access to all of 
the other Neuron® chips in the network. This access creates a Local Operating Network or LON. ALON can 
be thought of as a high level local area network LAN. The use of the Neuron® chip for the implementation of 
this invention, reduces the amount of custom hardware and software that otherwise would have to be devel- 
oped. 

40 Data from the sensor electronic unit 43 of the edge light assemblies 20,. „ « coupled to the central computer 
system 12 via the existing airport taxiway lighting power wiring 21 . Using the existing edge light power line to 
transfer the sensor data into a LON network has many advantages. As prevk)usty pointed out. the reuse of 
the existing edge lights eliminates the inconvenience and expense of closing down runways and taxlvs^ys while 
running new cable and provides for a low cost system. 

45 The Neuron® chip allows the edge light assemblies 20i.n to automatically communicate with each other 
at the applications level. This is accomplished through network variables which allow individual Neuron® chips 
to pass data between themselves. Each Neuron® 'C program comprises both local and network variables. 
The local variables are used by the Neuron® program as a scratch pad memory. The network variables are 
used by the Neuron® program in one of two ways, either as a network output variables or a network input va- 

50 riabtes. Both kinds of variables can be initialized, evaluated and modified locally. The difference comes into 
play in that once a network output variable Is modified, network messages are automatically sent to each net- 
work input variable that is linked to that output variable. This variable linking Is done at installation time. As 
soon as a new value of a network input variable is received by a Neuron® chip, the code is vectored off to 
take appropriate action based upon the value of the network input variable. The advantage to the program is 

55 that this message passing scheme is entirety transparent since the message passing code is part of the env 
bedded Neuron® operating system. 

Referring now to FIG. 6, eleven network variables have been identified for a sensor program in each mi- 
croprocessor 44 of the edge light assemblies 20v „. The sensor 50 function has two output variables; prellm_de- 
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tect 70 and confirmed_detect 72. The idea here is to have one output trigger whenever the sensor 50 detects 
movement The other output does not trigger unless the local sensor and the sensor on the edge light across 
the runway both spot movement Only when the detection is confirmed will the signal be fed back to the central 
computer system 12. This technique of confirmation helps to reduce false alarms in order to implement this 

5 technique the adjacent sensor 50 has an input variable called adLprelim_detect 78 that is used to receive the 
other sensors prelim_detect output 70. Other input variables are upstream_detect 74 and downstream_detect 
76 which are used when chaining adjacent sensors together. Also needed is a detector_sensitivity 80 input 
that is used by the central computer system 12 to control the detection ability of the sensor 50. 

The incandescent light 40 requires two networic variables, one input and the other an output variable. The 

10 input variable lightjevel 84 would be used to control the light* s brightness. The range would be OFF or 0% all 
the way to FUtLON or 100%. This range from 0% to 100% would be made in 0.5% steps. Since the edge light 
assembly 20i.n also contains the photocell 46. an output variable lightjailure 84 is created to signal that the 
lamp did not obtain the desired brightness. 

The strobe light 48 requires three input variables. The strobe-mode 86 variable is used to select either the 

15 OFF, SEQUENTIAL, or ALTERNATE flash modes. Since the two flash modes require a distinct pattern to be 
created, two input variables active_delay 88 and flash_delay 90 are used to time align the strobe flashes. By 
setting these individual delay factors and then addressing the Neuron® chips as a group, allows the creation 
of a field strobe pattern with just one command. 

Referring now to FIG. 7, a block diagram of an interconnection of network variables for a plurality of edge 

20 light assemblies 20,. „ located on both sides of a runway is shown, each of the edge light assemblies 20,. „ 
comprising a microprocessor 44. Each Neuron® program in the microprocessor 44 is designed with certain 
network input and output variables. The user writes the code for the Neurone® chips in the microprocessor 
44 assuming that the inputs are supplied and that the outputs are used. To create an actual network the user 
has to "wire up" the network by interconnecting the individual nodes with a software linker. The resulting dis- 

25 tributed process is best shown in schematic form, and a portion of the network interconnect matrix is shown 
in Figure 7. The prelim_detect 70 output of a sensor node 44i is connected to the adLprimary_detect 92 input 
of the sensor node 44^ across the taxiway. This is used as a means to verify actual detections and eliminate 
false reports. The communications link between these two nodes 44i and 444 is part of the distributed proc- 
essing. The two nodes communicate among themselves without involving the central computer system 12. If 

30 in the automatic mode or if instructed by the controller, the system will also alert the pilots via audio and visual 
indications. 

Referring again to FIG. 1 and FIG. 4. the central computer system 12 trades the movement of vehicles as 
they pass from the sensor 50 to sensor 50 in each edge light assembly 20,. „. Using a variation of a radar au- 
tomatic track algorithm, the system can track position, velocity and heading of alt aircraft or vehicles based 

35 upon the sensor 50 readings. New vehicles are entered into the system either upon leaving a boarding gate 
or landing. Unknown vehicles are also tracked automatically. Since taxiway and runway lights are normally 
across from each other on the pavement (as shown in FIG. 4 and FIG. 7), the microprocessor 44 in each edge 
lights assembly 20i. „ is programmed to combine their sensor 50 inputs and agree before reporting a contact. 
A further refinement is to have the microprocessor 44 check with the edge light assemblies 20,. „ on either 

40 side of them to see if their sensors 50 had detected the vehicle. This allows a vehicle to be handed off from 
sensor electronic unit 43 to sensor electronic unit 43 of each edge light assembly 20i.n as it travels down the 
taxiway. This also assures that vehicle position reports remain consistent Vehicle velodty may also be calcu- 
lated by using the distance between sensors, the sensor pattern and the time between detections. 

Referring to FIG. 5 and FIG. 8, the display 30 is a color monitor which provides a graphical display of the 

45 airport, a portion of which is shown in FIG. 8. This is accomplished by storing a map of the airport in the re- 
dundant computers 26 and 28 in a digital format The display 30 shows the location of airplanes or vehides 
as they are detected by the sensors 50 mounted in the edge light assemblies 20i.n along each taxiway and 
runway or other airport surface areas. All aircraft or vehides on the airport surface are displayed as icons, 
with the shape of the icons being determined by the vehide type. Vehide position is shown by the location of 

50 the icon on the screen. Vehide direction is shown by either the orientation of the icon or by an arrow emanating 
from the icon. Vehide status is conveyed by the color of the icon. The future path of the vehide as provided 
by the ground dearance command entered via the controllers microphone 35 is shown as a colored line on 
the display 30. The status of all field lights induding each edge light 20i.n in each edge light circuit 18i.n is 
shown via color on the display 30. 

55 Use of object orientated software provides the basis for building a model of an airport The automatic in- 

heritance feature allows a data structure to be defined once for each object and then replicated automatically 
for each instance of that object Automatic flow down assures that elenrants of the data base are not corrupted 
due to typing errors. It also assures that the code is regular and structured. Rule based object oriented pro- 
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gramming makes it difficult to create unintelligible "spaghetti code." Object oriented programming allows the 
runways, taxiways, aircraft and sensors, to be decoded directly as objects. Each of these objects contains at- 
tributes. Some of these attributes are fixed like runway 22R or flight UA347. and some are variable like vehicle 
status and position. 

5 In conventional programming we describe the attributes of an object in data structures and then describe 

the behaviors of the object as procedures that operate on those data structures. Object oriented programming 
shifts the emphasis and focuses first on the data structure and only secondarily on the procedures. More im- 
portantly, object oriented programming allows us to analyze and design programs in a natural manner. We can 
think in tenms of runways and aircraft Instead of focusing on either the behavior or the data structures of the 

10 runways and aircraft 

Table 1 shows a list of objects with corresponding attributes. Each physical object that is important to the 
runway incursion problem is modeled. The basic airplane or vehicle tracking algorithm is shown in Table 2 in 
a Program Design Language (PDL). The algorithm which handles sensor fusion, incursion avoidance and safe- 
ty alerts is shown in a single program even though it is implemented as distributed system using both the central 

15 computer system 1 2 and the sensor microprocessors 44. 



TABLE 1 



20 



25 



30 



35 



Runway 



40 



45 



50 



Taxiway 



MTRXBUTg 

lAcatioa 

Circuit 

(laiquo_addra 

Lafflp_in tana i ty 

Stroba_atatua 

Stroba da lay 

Seasor^atatua 

Sanaorjtypa 

Bama 

location 

Laagth 

Width 

Direction 

Status 

Saasora (KV) 

Intars actio aa (HV) 

Vehiclea 

Location 
Laagth 
Width 
Diraotion 
St&tua 
Sonaora |KV) 
KOlll_L0GatlOQfl 
Vahiclaa (H7) 



X 4 y cooxdinatas of aanaor 

AC virisg circuit aaaa & numbar 

Bat addraaa for thia aansor and ita mat a 

0% to 100% in O.S% stapB 

eiink*rata/QC£ 

Froa atart aigaal 

Datact/oo da tact 

IB, laaaxr prozioity, ate. 

22R, 27 r 33L« tttc. 

Z & 7 coordinataa o€ start of canter line 
In feat 
la faat 

In degreea f roa north 

Bot^octiva, activa^takaoff f active^landinq, alarm 

Liat of lighta/sensora along thia runway 

List of intaraaetioaa 

Liat of 7ahieles on tha runway 

Baea of taxivay 

X i 7 coordinataa of a tart of center lina 
la faat 
la feet 

In degraea f ro& north 
Bot active, active, alaxm 
Liat of latersectiooa 
Liift of liol<ling locaklona 
Liat of vehiclat on tha runway 
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Xatorsection Soma Zacanectloa Haaa 

Log at ion IntarsectLoa of two ceatar llaes 

Status Vaeaa^Occtxpled 

Sanaora (KV) U.at of saniora ereatlAg latecsectloa bordar 



Aircraft 



Airline 
Modal 

Tail-naabar 

Bnptyjvaight 

7roigb tjwoig h t 

Fualjwalght 

Top_spa«d 

Vl^apttttd 

Accalaration 
Oacelaration 



Unitod 
727-200 
B3374Z 
9.S tona 
2.3 tons 
3*2 tona 
598 Bph 
100 Bph 
140 B9h 
0.23 9'« 
0.34 3's 



KV • mil ti*7ar labia or array 



Table 2 

while (forever) 

I if (edge light shows a detectioa) 

I I if (adjacent light also shows a detection sensor fusion) 

III/* CONFIRHBO DBTSCTIOM «/ 

I I I if (previous block showed a detection) 

I I I I /* ACCSPT HAHDOFP •/ 

I I I I Update aircraft position and speed 

I I I else 

I I I I /* MAZ BE AN ANIKAI. OR SERVICE TR0CK */ 
I I I I Alert operator to possible incursion . 
till/* ha; be an aircraft entering the system */ 
I I I I start a new track 
I I else 

I I I Request status from adjacent light 
I II if (Adjacent light is OK) 
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I I I I /• NON CONFIRMED DETECTIOM »/ 

I I I else 

I I I I Flag adjaceat light for repair 

I I I endif 

I I endlf 

I endif 

I i£ (Edge light loses a detection AND status is OR) 

I I if (Next block showed a detection) 
III /• PROPER HANDOFP */ 

I I else 

I I I if (vehicle speed > » takeoff) 

I 11 I Handoff to departure control 

I I I else 

I I I I /* MISSING HANDOFF */ 

I I I I Alert operator to possible incursion 

I I I endif 

I I endif 

I endif 

I /* CHECK FOR POSSIBLE COLLISIONS */ 

I for (all traclced aircraft) 

I I Plot future position 

I I if (position conflict) 

I I I Alert operator to possible incursion 

I I endif 

I endif 

I Update display 
endwhile 



Referring again to FIG. 1 and FIG. 2, the control of taxiway lighting intensity is usually done by placing all 
the lights on the same series circuit and then regulating the current in that circuit. In the present embodiment 
the intensity of the lamp 40 is controlled by sending a message with the light intensity value to the micropro- 
cessor 44 located within the light assembly 20,. „. The message allows for intensity settings in the range of 0 
to 100% in 0.5% steps. The use of photocell 46 to check the light output allows a return message to be sent 
if the bulb does not respond. This in turn generates a maintenance report on the light. The strobe light 48 pro- 
vides an additional optional capability under program control of the microprocessor 44. Each of the micropro- 
cessors 44 in the edge light assemblies 20 is individually addressable. This means every lamp on the field is 
controlled individually by the central computer system 12. 

The system 10 can be programmed to provide an Active Runway Indicator by using the strobe lights 48 
in those edge light assemblies 20i.n located on the runway 64 to continue the approach light "rabbit" strobe 
pattern all the way down the runway. This lighting pattern could be turned-on as a plane is cleared for landing 
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and then turned-of f after the airoBf t has touched down. A pilot approaching the runway along an intersecting 
taxiway would be alerted in a dear and unambiguous way that the runway was active and should not be 
crossed. 

If an incursion was detected the main computers 26, 28 could switch the runway strobe lights 48 from the 

5 "rabbr pattern to a pattern that alternatively flashes either side of the runway in a wig-wag fashion. A switch 
to this pattern would be interpreted by the pilot of an arriving aircraft as a wave off and a signal to go around. 
The abrupt switch in the pattern of the strobes would be instantaneously picked up by the air crew in time for 
them to initiate an aborted landing procedure. 

During Category III weather conditions both runway and taxiway visibility are very low. Currently radio 

10 based landing systems are used to get the aircraft from final approach to the runway. Once on the runway it 
is not always obvious which taxiways are to be used to reach the airport terminal. In system 10 the main conrv 
puters 26,28 can control the taxiway lamps 40 as the means for guiding aircraft on the ground during CAT III 
conditions. Since the intensity of the taxiway lamps 40 can be controlled remotely, the lamps just in front of 
an aircraft could be intensified or flashed as a means of guiding it to the terminal. 

IS Alternatively, a short sequence of the "rabbit" pattern may be programmed into the taxiway strobes just 

in front of the aircraft At intersections, either the unwanted paths may have their lamps turned off or the en- 
trance to the proper section of taxiway may flash directing the pilot to head in that direction. Of course in a 
smart system only those lights directly in front of a plane would be controlled, all other lamps on the field would 
remain in their normal nKxje. 

20 Referring now to FIG. 9, a block diagram is shown of the data flow within the system 10 (as shown in FIG. 

1 and FIG. 5). The software modules are shown that are used to process the data within the computers 26, 
28 of the central computer system 12. The tracking of aircraft and other vehicles on the airport operates under 
the control of a sensor fusion software module 101 which resides in the computers 26. 28. The sensor fusion 
software module 101 receives data from the plurality of sensors 50, a sensor 50 being located in each edge 

25 light assembly 20i. „ which reports the heat level detected, and this software module 1 01 combines this infor- 
mation through the use of rule based artificial intelligence to create a complete picture of all ground traffic at 
the airport on a display 30 of the central computer system 12. 

The tracking algorithm starts a track upon the first report of a sensor 50 detecting a heat level that is above 
the ambient background level of radiation. This detection is then verified by checking the heat level reported 

30 by the sensor directly across the pavement from the first reporting sensor. This secondary reading is used to 
confirm the vehicle detected and to eliminate false alarms. After a vehicle has been confirmed the sensors 
adjacent to the first reporting sensor are queried for changes in their detected heat level. As soon as one of 
the adjacent sensors detects a rise in heat level a direction vector for the vehicle can be established. This proc- 
ess continues as the vehicle is handed off from sensor to sensor in a bucket brigade fashion as shown in FIG. 

35 7. Vehicle speed can be roughly determined by calculating the time between vehicle detection by adjacent sen- 
sors. This information is combined with information from a system data base on the location of each sensor 
to calculate the velocity of the target. Due to hot exhaust or jet blast, the sensors behind the vehicle may not 
return to a background level immediately. Because of these condition, the algorithm only uses the first four 
sensors (two on either side of the taxiway) to calculate the vehicles position. The vehicle is always assumed 

40 to be on the centerline of the pavement and between the first four reporting sensors. 

Vehicle identification can be added to the track either manually or automatically by an automated source 
that can identify a vehicle by its position. An example would be prior knowledge of the next aircraft to land on 
a particular runway. Tracks are ended when a vehicle leaves the detection system. This can occur in one of 
two ways. The first way is that the vehicle leaves the area covered by the sensors 50. This is determined by 

45 a vehide track moving in the direction of a gateway sensor and then a lack of detection after the gateway sensor 
has lost contact A second way to leave the detection system is for a track to be lost in the middle of a sensor 
array. This can occur when an aircraft departs or a vehide runs onto the grass. Takeoff scenarios can be de- 
termined by calculating the speed of the vehide just before detection was lost If the vehicle speed was in- 
creasing and above rotation speed then the aircraft is assumed to have taken off. If not then the vehide is 

50 assumed to have gone on to the grass and an alarm is sounded. 

Referring to FIG. 5 and FIG. 9. the ground dearance routing function is performed by the speech recog- 
nition unit 33 along with the ground dearance compliance verifier software module 103 running on the conrv 
puters 26, 28. This software module 103 comprises a vehicle identification routine, dearance path routing, 
clearance checking routine and a path checking routine. 

55 The vehide identification routine is used to receive the airline name and flight number (I.e. "Delta 374") 

from the speech recognition unit 33 and it highlights the icon of that aircraft on the graphic display of the airport 
on display 30. 

The dearance path routine takes the remainder of the controller's phrase (i.e. "outer taxiway to echo, hold 
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short of runway 1 5 Left") and provides a graphical display of the clearance on the display 30 showing the airport. 

The clearance checking routine checks the clearance path for possible conflict with other clearances and 
vehicles. If a conflict is found the portion of the path that would cause an incursion is highlighted in a blinking 
red and an audible indication is given to the controller via speaker 32. 
5 The path checking routine checks the actual path of the vehicle as detected by the sensors 50 after the 

clearance path has been entered into the connputers 26. 28 and it monitors the actual path for any deviation. 
If this routine detects that a vehicle has strayed froni the assigned course, the vehicle icon on the graphic dis^ 
play of the airport flashes and an audible indicator is given to the controller via speaker 32 and optionally the 
vehicle operator via radio 37. 
10 The airport vehicle incursion avoidance system 1 0 operates under the control of safety logic routines which 
reside in the collision detection software module 104 running on computers 26, 28. The safety logic routines 
receive data from the sensorf usion software module 1 01 via the tracker software module 1 02 location program 
and interpret this information through the use of rule based artificial intelligence to predict possible collisions 
or runway incursions. This information is then used by the central computer system 12 to alert tower controllers, 
15 aircraft pilots and truck operators to the possibility of a runway incursion. The tower controllers are alerted 
by the display 30 along with a computer synthesized voice message via speaker 32. Ground traffic Is alerted 
by a combination of traffic lights, flashing lights, stop bars and other alert lights 34, lamps 40 and 48. and conrv 
puter generated voice commands broadcast via radio 36. 

Knowledge based problems are also called fuzzy problems and their solutions depend upon both program 
20 logic and an interface engine that can dynamically create a decision tree, selecting which heuristics are most 
appropriate for the specific case being considered. Rule based systems broaden the scope of possible appli- 
cations. They allow designers to incorporate judgement and experience, and to take a consistent solution ap- 
proach across an entire problem set 

The programming of the rule based incursion detections software is very straight forward. The rules are 
25 written in English allowing the experts, in this case the tower personnel and the pilots, to review the system 
at an understandable level. Another feature of the rule based system is that the rules stand alone. They can 
be added, deleted or modified without affecting the rest of the code. This Is almost impossible to do with code 
that is created from scratch. An example of a rule we might use is: 
If (Runway_Status = Active) 
30 then (Stop_Bar_Lights = RED). 

This is a very simple and straightforward rule. It stands alone requiring no extra knowledge except how Run- 
way_Status is created. So lef s make some rules affecting Runway_Status. 
If (Departure = APPROVED) or (Landing = IMMINENT), 
then (Runway_Status = ACTIVE). 
35 For incursion detection, another rule is: 

If (Runway.Status = ACTIVE) and (Intersection = OCCUPIED), 
then (Runway_lncursion = TRUE). 
Next, detect that an intersection of a runway and taxiway are occupied by the rules: 
If (lntersection_Sensors = DETECT), 
40 then (Intersection = OCCUPIED). 

To predict that an aircraft will run a Hold Position stop, the following rule is created: 
If (Aircraft_StoppingLDistance > Distance_to_Hold_Position), 
then (Intersection = OCCUPIED). 
In order to show that rules can be added without affecting the reset of the program, assume that after a 
45 demonstration of the system 10 to tower controllers, they decided that they wanted a "Panic Button" in the 
tower to override the rule based software in case they spot a safety violation on the ground. Besides installing 
the button, the only other change would be to add this extra rule. 
If (Panic_button = PRESSED). 

then (Runwayjncursion = TRUE), 
50 It is readily seen that the central rule based computer program is very straight forward to create, understand 
and modify. As types of incursions are defined, the system 10 can be upgraded by adding more rules. 

Referring again to FIG. 9. the block diagram shows the data flow between the functional elements within 
the system 10 (FIG. 1). Vehicles are detected by the sensor 50 in each of the edge light assemblies 20,. This 
information is passed over the local operating network (LON) via edge light wiring 21i.„ to the LON bridges 
55 22i. n. The individual message packets are then passed to the redundant computers 26 and 28 over the wide 
area network (WAN) 14 to the WAN interface 108. After arriving at the redundant computers 26 and 28. the 
message packet is checked and verified by a message parser software module 100. The contents of the mes- 
sage are then sent to the sensor fusion software module 1 01 . The sensor fusion software module 1 01 is used 
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to keep track of the status of all the sensors 50 on the airport; it filters and verifies the data from the airport 
and stores a representative picture of the sensor array in a memory. This information is used directly by the 
display 30 to show which sensors 50 are responding and used by the tracker software module 1 02. The tracker 
software module 102 uses the sensor status information to determine which sensor 50 reports correspond to 
5 actual vehicles. In addition, as the sensor reports and status change, the tracker software module 102 kJen- 
tif ies movement of the vehicles and produces a target location and direction output. This infonmation is used 
by the display 30 in order to display the appropriate vehicle icon on the screen. 

The location and direction of the vehicle is also used by the collision detection software module 104. This 
module checks all of the vehicles on the ground and plots their expected course. If any two targets are on in- 
to tersecting paths, this software module generates operator alerts by using the display 30, the alert lights 34, 
the speech synthesis unit 29 coupled to the associated speaker 32, and the speech synthesis unit 31 coupled 
to radio 37 which is coupled to antenna 39. 

Still referring to FIG. 9, another user of target location and position data is the ground clearance compliance 
verifier software module 103. This software module 103 receives the ground clearance commands from the 
15 controller's microphone 35 via the speech recognition unit 33. Once the cleared route has been determined, 
it is stored in the ground clearance compliance verifier software module 103 and used for comparison to the 
actual route taken by the vehicle, tf the information received from the tracker software module 102 shows that 
the vehicle has deviated from its assigned course, this software module 1 03 generates operator alerts by using 
the display 30, the alert lights 34, the speech synthesis unit 29 coupled to speaker 32, and the speech synthesis 
20 unit 31 coupled to radio 37 which is coupled to antenna 39. 

The keyboard 27 is connected to a keyboard parser software module 109. When a command has been 
verified by the keyboard parser software module 1 09, it is used to change display 30 options and to reconfigure 
the sensors and network parameters. A network configuration data base 106 is updated with these reconfi- 
guration commands. This information is then turned into LON message packets by the command message 
25 generator 107 and sent to the edge light assemblies 20,. „ via the WAN interface 108 and the LON bridges 
22i.„. 

This concludes the description of the preferred embodiment. However, many modifications and alterations 
will be obvious to one of ordinary skill in the art without departing from the spirit and scope of the inventive 
concept Therefore, it is intended that the scope of this invention be limited only by the appended claims. 

30 

Claims 

1. An airport incursion avoidance system comprising: 
35 a plurality of light circuits on an airport, each of said light circuits comprises a plurality of light as- 

sembly means; 

means for providing power to each of said plurality of light circuits and to each of said light assembly 
means; 

means in each of said light assembly means for sensing ground traffic on said airport; 
40 means for processing data received from each of said light assembly means; 

means for providing data communication between each of said light assembly means and said proc- 
essing means; 

said processing means comprises means for providing a graphic display of said airport comprising 
symbols representing said ground traffic, each of said symbols having direction and velocity data dis- 
45 played; 

said processing means comprises means for predicting an occurrence of an airport incursion in ac- 
cordance with the data received from said sensing means; and 

means for alerting an airport controller or aircraft pilot of said predicted airport incursion. 

50 2, The airport incursion avoidance system as recited in Claim 1 wherein: 

each of said light circuits being located along the edges of a taxiway or a runway on said airport 

3. The airport incursion avoidance system as recited in Claim 1 wherein: 

said sensing means comprises infrared detectors. 

4, The airport incursion avoidance system as redted in Claim 1 wherein said light assembly means com- 
prises: 

light means coupled to said lines of said power providing means for lighting said airport 
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said sensing means; 

microprocessor means coupled to said light means, said sensing means, and said data communi- 
cation means for providing processing, communication and control for said light assembly means, said 
microprocessor controlling a plurality of lighting patterns of said light means on said airport; and 

said data communication means being coupled to said microprocessor means and said lines of said 
power providing means. 

5. The airport incursion avoidance system as recited in Claim 4 wherein: 

said light assembly means further comprises a photocell means coupled to said microprocessor 
means for detecting the light Intensity of said light means. 

8. The airport incursion avoidance system as recited in Claim 4 wherein: 

said light assembly means further comprises a strobe light coupled to said microprocessor means. 

7. The airport incursion avoidance system as recited in Claim 1 wherein: 

said processing means comprises redundant computers for fault tolerance operation. 

8. The airport incursion avoidance system as recited in Claim 1 wherein: 

said symbols representing said ground traffic comprise icons having a shape indicating type of air- 
craft or vehicle. 

9. The airport incursion avoidance system as recited in Claim 1 wherein: 

said processing means determines a location of said symbols on said graphic display of said airport 
in accordance with said data receive from said light assembly means. 

10. The airport incursion avoidance system as recited in Claim 1 wherein: 

said processing means determines a future path of said ground traffic based on a ground clearance 
command, said future path being shown on said graphic display. 

11. The airport incursion avoidance system as recited in Claim 1 wherein: 

said processing means for predicting an occurrence of an airport incursion comprises means for 
comparing position, direction and velocity of said ground traffic to predetermined separation minimums 
for said airport. 

12. The airport incursion avoidance system as recited in Claim 1 wherein said power providing means com- 
prises: 

constant current power means for providing a separate line to each of said plurality of light circuits; 

and 

network bridge means coupled to said constant current power means for providing a communica- 
tion channel to said processing means for each line of said constant cuoent power means. 

13. The airport incursion avoidance system as recited in Claim 1 wherein: 

said alerting means comprises a speech synthesis umit connected to a speaker. 

14. The airport incursion avoidance system as recited in Claim 1 wherein: - 

said alerting means comprises a speech synthesis unit connected to a radio transmitter. 

15. An airport incursion avoidance system comprising: 

a plurality of light circuits on an airport, each of said light circuits comprises a plurality of light as- 
sembly means; 

constant current power means for providing a separate line to each of said plurality of light circuits; 

network bridge means coupled to said constant current power means for providing a communica- 
tion channel to said processing means for each of said constant current power means; 

infrared detector means in each of said light assembly means for sensing ground traffic on said 
airport 

means for processing ground traffic data received from each of said light assembly means; 
means for providing data communication on lines of said power providing means between each of 
said light assembly means and said processing means; 

said processing means comprises means for providing a graphic display of said airport comprising 
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symbols representing said ground traffic located In accordance with said ground traffic data received from 
said light assembly means, each of said symbols having direction and velocity data displayed; 

said processing means comprises means for predicting an occurrence of an airport incursion in ac- 
cordance with said ground traffic data received from said sensing means including comparing position, 
direction aand velocity of said ground traffic data to predetermined separation minimums for said airport; 
and 

means for alerting an airport controller or aircraft pilot of said predicted airport incursion. 

16. The airport incursion avoidance system as recited in Claim 15 wherein: 
each of said light circuits being located along the edges of a taxiway or a runway on said airport. 

17. The airport incursion avoidance system as recited in Claim 15 wherein said light assembly means conv 
prises: 

light means coupled to said lines of said power providing means for lighting said airport; 
said infrared detector sensing means; 

microprocessor means coupled to said light means, said sensing means, and said data communi- 
cation means for providing processing, communication and control for said light assembly means, said 
microprocessor controlling a plurality of lighting patterns of said light means on said airport; and 

said data communication means being coupled to said microprocessor means and said lines of said 
constant current power providing means. 

18. The airport incursion avoidance system as recited in Claim 17 wherein: 

said light assembly means further comprises a photocell means coupled to said microprocessor 
means for detecting the light intensity of said light means. 

19. The airport incursion avoidance system as recited in Claim 17 wherein: 

said light assembly means further comprises a strobe light coupled to said microprocessor means. 

20. The airport incursion avoidance system as recited in Claim 15 wherein; 

said processing means comprises redundant computers for fault tolerance operation. 

30 

21. The airport Incursion avoidance system as recited in Claim 15 wherein: 

said symbols representing said ground traffic comprise icons having a shape indicating type of air- 
craft or vehicle. 

35 22. The airport incursion avoidance system as recited in Claim 15 wherein: 

said processing means determines a future path of said ground traffic based on a ground clearance 
command, said future path being shown on said graphic display. 
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23. The airport incursion avoidance system as recited in Claim 15 wherein: 
said alerting means comprises a speech synthesis umit connected to a speaker. 

24. The airport incursion avoidance system as recited in Claim 15 wherein: 

said alerting means comprises a speech synthesis unit connected to a radio transmitter. 

25. A method of providing an airport incursion avoidance system comprising the steps of: 

^ providing a plurality of light circuits on said airport, each of said light circuits comprises a plurality 

of light assembly means; 

providing power to each of said plurality of light circuits; 

sensing ground traffic on said airport with means in each of said light assembly means; 

processing data received from each of said light assembly means In computer means; 
^ providing a graphic display of said airport comprising symbols representing said ground traffic, 

each of said symbols having direction and velocity data displayed; 

providing data communication between said computer means and each of said light assembly 
means; 

predicting an occurrence of an airport inoirsion in accordance with the data received from said 
sensing means; and 

alerting an airport controller or aircraft pilot of said predicted airport incursion. 
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26. The method as recited in Oaim 25 wherein said step of sensing said ground traffic on said airport con> 
prises the steps of: 

lighting said airport with a light means coupled to said microprocessor means and said power lines; 
providing a sensing means; 

perfomiing processing, communication and control within said light assembly means with a micro- 
processor means coupled to said light means, said sensing means and data communication means; and 
coupling said data communication means between said microprocessor means and said power 

lines. 

27. The method recited in Claim 25 wherein said step of processing data comprises the step of operating re- 
dundant computers for fault tolerance. 

28. The method as recited in Claim 25 wherein said step of providing power comprises the steps of: 

providing a separate line to each of said plurality of light circuits with a constant current power 
means; and 

providing a communication channel to said computer means for each line of said constant current 
power means using a network bridge means. 

29. The method as recited in Claim 25 wherein said step of providing a graphic display comprising symbols 
representing said ground traffic comprises the step of indicating a type of aircraft or vehicle with icons 
of various shapes. 

30. The method as recited in Claim 25 wherein said step of processing said data from each of said light as- 
sembly means comprises the step of determining a location of said symbols on said graphic display of 
said airport in accordance with said data. 

31. The method as recited in Claim 25 wherein said step of predicting an occurrence of an airport incursion 
comprises the step of determining a future path of said ground traffic in accordance with a ground clear- 
ance command and showing said future path on said graphic display. 



16 



EP0 613110 A1 




17 



EP 0 613 110 A1 




r 



46 



PHOTO 
CELL 




,-43 



Ji 

STROBE 
LIGHT 



il 



MICROPROCESSOR 


i 






POWER SUP 


PLY 



I 



1 A O 

/ 


^50 




VEHICLE 





SENSOR 








POWER 
LINE 
MODEM 



53 



COUPLING 
TRANSFORMER 



EDGELI6HT WIRING 
2l|-n 



Fig, 2 



L_____-qrz]i^ J 



20|-n 




EP 0 613 110 A1 




19 



EP 0 613 110 A1 




20 



EP 0 613 110 A1 



70 
72 

74 
76 
78 
80 

82 
84 

86 

88 

90 



^ 

PRELIM DETECT 



44 



CONFIRMED DETECT 



UPSTREAM DETECT 



DOWNSTREAM DETECT 



ADJ PRELIM DETECT 



3: 



DETECTOR SENSITIVITY 



LI6HT_ FAILURE 



LIGHT_ LEVEL 



STROBE _ MODE 



ACTIVE DELAY 



FLASH_DELAY 
^ 



r 



50 



VEHICLE 
SENSOR 





Fig. 6 



21 



EP 0 613 110 A1 



r 



44| 



74 ^ f SENSOR NODE 
UPSTREAMJ)ETECT " 



72 



^ CONFIRIyEDPETECT | 



76 
70 



tz ^DOWNSTREAMPETECT 



PRELIM-DETECT 



50| 



J 



r ->ADJ,PRELIM-DETECT 

V : 



JL 



442 



f SENSOR NODE 



94 



UPSTREAM.DETECT 



^ CONFIRMEagETECT 



I 502 



^ DOWNSTREAM_DETECT 



PRELIM_DETECT 1 
r-^ADJ_PRELIM.DETECT 1 



64 



JL 



443 



96 



f SENSOR NOD E 

UPSTIREAMJETECT 



< CONFIRMED.DETECT 



^DOWNSTREAMJDETECT | 



PRELIM.DETECT 



5O3 



>ADJ,PRELIM.DETECT 



J 



5p4 



/-444 
OR NOD 
I UPSTREAM DETTECT 4r 
CONFIRMED DETECT > 



/^ SENSOR NOOE^ 



DOWNSTREAMDETECTf 



92 



IADU.PREUM-DETECT k — | 

>i 



PREUM JETECT 



5O5 



^445 

SENSOR NOdF^ 

I UPSTREAMJETECT ^ 

I CONFIRMED.DETECT > ■ 



I DOWNSTREAM_DETECT^ 



ADJ.PRELIMJETECT <- 



PREUIVI_DETECT 



r 



446 



506 



SENSOR NODE^ 



UPSTREAM-DETECT 
I CONFIRMEDJDETECT > 
I DOWNSTREAMJDETECT^ 



|ADJ,PREUM.DETECT 



PREUM DETECT 
J' 



Fig. 7 



22 



EP 0 613 110 A1 








1 J 






S 






1 Spee< 


51 

S3 

CO 


1 
1 


cvi 

O 



00 
CVJ 

o6 

CVI 





1 


ii 


s 


Si 


a 








09 
O} 


ed 
o 




01 +* ^ 

■a 5* E 




o 


W -1 S 

CO 

< 




CM 





>» 

.2$ 



CM 



^1 



















1 z 


3 ? 










t * cvT 






1 CVI 






1^ V 



23 



EP 0 613 110 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 94 30 1262 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CMcgory 



Otatwo 9i docBDcnl with ndkatiott, wliera 

of rcfcvict jHBsagcB 



Rckvart 

le< 



CLASSinCATION OF THE 
AFPUCATION (btCLS) 



Y 

Y 

Y 
Y 



0 
A 



US-A-3 706 969 (PAREDES) 
" the whole document • 

WO-A-90 04242 (SWEDISH AIRPORT TECHNOLOGY 
HB) 

• the whole document * 

US-A-4 093 937 (HABINGER) 

• column 2, line 3 - line 33 • 

US-A-4 455 551 (LEMELSON) 

• abstract * 

EP-A-0 209 397 (GENERAL INVESTIGACION Y 
DESARROLLO S.A.) 



• claims 1,5-13,23,27 • 

& US-A-4 845 629 (MURGA ET AL.) 

EP-A-0 220 752 (O.R.I.M. LIMITED) 



" claims * 



Ite i w irwi sewA npoct has btca *awD up for ■!! cWn 



1-31 



1-12, 

15-22, 

25-31 



6,19 



13,14. 
23.24 



1-3. 
8-11,15, 
21,22. 
25.26. 
29-31 



G08GS/06 



TECHNICAL nnJis 
SEARGHEO (tataS) 



1.10.11. 
15,22, 
25,26.311 



G08G 
G08B 



t^mamfm 

THE HAGUE 



20 June 1994 



Reekmans, H 



CAlKGO«Y OF OTED DOCUMENTS 



X : partfcDlaily nimiit If tikca tbae 
Y : prttadai ty rrifram If caobtBci with 

■DCBMSt of tte Stt 

A : ttctiBOlo^ol bukcRxad 
O t umi-nitiuu tfbcifisim 
P : (■tmiitat* tocoBiot 



T : tbmy or prtndpl* intoliteg tba 



D : docga git dttd to (h« ■ppllnHnn 
L ! 4ocBSBt ^UmA for ocbtf nssons 



psbOsbctf oo, or 



A : nwnWr of tbt mn patcol tetQjTt ooiitspuflsc 



24 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



